To monitor the effects of feed withdrawal on the prevalence of Campylobacter, market-weight turkeys from six farms were examined before and after perimarketing events (feed withdrawal, transport, and holding at the slaughterhouse). Prior to transport, birds (n ϭ 30 per farm) were slaughtered on-farm, and viscera (crops, duodenum, jejunum, ileum, colon, ceca, gallbladder, and spleen) were removed on the premises. Within ca. 48 h, cohorts (n ϭ 30 per farm) from the same flock were transported to a commercial abattoir, maintained in holding sheds, slaughtered, and the viscera were removed. No differences in the prevalence of Campylobacter spp. were evident when individual flocks were compared pre-and posttransport. However, when data for the six farms were combined, Campylobacter spp. were recovered (pre-versus posttransport) at comparable rates from the duodenum (74.7 versus 74.7%), ileum (87.3 versus 92.7%), ceca (64 versus 57%), colon (86.7 versus 80%), and spleen (0 versus 0%). After feed withdrawal, transport, and holding at the abattoir, there was an overall increase in Campylobacter spp. isolated from the gallbladder at the abattoir (14.7%) when compared with on-farm levels (0%, P Ͻ 0.05). When compared with on-farm levels (3%), the overall increase in Campylobacter spp. recovered from the crops of birds at the abattoir (24%) was significant (P Ͻ 0.05), which may be associated with a detectable decline in lactic acid in the emptied crop.
In the United States, the nearly 2 million cases of human foodborne campylobacteriosis result in ca. 10,000 hospitalizations and ca. 100 deaths annually (20) . Consumption of contaminated, undercooked poultry is a major risk factor for human Campylobacter infections (16, 22) . The 1997 U.S. Department of Agriculture, Food Safety and Inspection Service young turkey baseline study detected Campylobacter jejuni and Campylobacter coli on 90% of turkey carcasses (www.fsis.usda.gov/ophs/baseline/yngturk1.pdf). The observed decline in human campylobacteriosis from 1996 to 1999 coincided with the implementation of hazard analysis and critical control point testing in poultry processing plants (27) . Since mathematical models predict that reducing Campylobacter in poultry meat will impact public health, reducing the prevalence of Campylobacter spp. in live turkeys entering the abattoir may decrease human campylobacteriosis (16, 22, 29) .
Perimarketing events, including feed withdrawal, catching, crating, and transport to the abattoir within ca. 24 h of slaughter, may influence intestinal carriage of Campylobacter spp. in broilers and thus the extent of fecal carcass contamination (8, 19, 32, 35) . Whyte et al. (38) concluded that although the incidence was unchanged, the number of Campylobacter spp. in feces of broilers in-creased significantly after transportation. In addition, contact with soiled crates may contaminate birds after leaving the farm, en route to the abattoir (13, 23, 30) .
In studies of commercial turkey flocks to determine if marketing stresses also influenced Salmonella prevalence, no differences were observed when individual flocks were analyzed before and after feed withdrawal, transport, and holding at a commercial abattoir (25, 36) . However, when data were combined for the six turkey flocks, a significant increase was observed in Salmonella isolated from liver and gallbladder tissue, which the authors speculated was attributed to neuroendocrine changes associated with perimarketing events (25) .
Salmonella and Campylobacter colonize the avian crop, which is a potential source of carcass contamination at slaughter. The prevalence of Campylobacter and Salmonella in the broiler crop increase with feed withdrawal (4, 10) ; thus, preslaughter treatments, such as lactic acid, have been evaluated for their ability to reduce Salmonella and Campylobacter in broilers (5) .
Few studies detail the effect of perimarketing events on the prevalence of Campylobacter spp. in commercial turkey flocks when feed withdrawal, transport to, and holding at the abattoir occur (37) . Therefore, the primary goal of this study was to determine if perimarketing events influence the prevalence of Campylobacter spp. in viscera of market-weight turkeys. To this end, the prevalence of Campylobacter spp. recovered from turkeys slaughtered on-farm was compared with that of cohorts transported to and slaughtered at a single commercial abattoir. 
MATERIALS AND METHODS
Farm selection. Six Midwestern turkey premises were selected based on previous analysis of these flocks and owners' cooperation. The farms utilized commercial production systems as described in Table 1 , and shipped turkeys to a single commercial abattoir that processed ca. 20,000 birds daily during the summer months when this study was conducted.
Duration of perimarketing events. The total of time offfeed encompasses the interval from the time birds are loaded onto transport vehicles to the time birds are shackled. This includes transport and resting (lairage) in the holding shed. The total time off-feed for each of the six premises was based on drivers' logs and the records of the slaughter plant. To minimize the stress of perimarketing events and cross contamination (13) , turkeys sampled were the first group to be vacated from the house.
Viscera sampling pre-and posttransport. On each farm premise within ca. 48 h before depopulation, market-weight turkeys (n ϭ 30 per farm) were randomly selected, humanely euthanized as outlined in Iowa State University Institution Care and Use Committee protocol 8-03-5512-T, and viscera (crops, duodenum, jejunum, ileum, colon, ceca, gallbladder, and spleen) were aseptically removed, as described in (25) . Gallbladder and surrounding liver tissue were removed and processed as gallbladderliver. Within ca. 48 h of on-farm sampling, the flock was trans- a Data are from six flocks slaughtered on-farm (n ϭ 30) and at the abattoir (n ϭ 30), are shown as percentage (number) positive per organ, and are a composite of six flocks. b Represents a significant increase (P Ͻ 0.05) in Campylobacter after transport.
ported to a commercial abattoir, maintained in holding sheds, and slaughtered. At the evisceration point, viscera were removed from cohorts (n ϭ 30 per farm) by using sterile forceps and scissors for each organ. At both pre-and posttransport sampling times, organs were placed in Whirl-Pak bags (Nasco, Ft. Atkins, WI), transported to the laboratory on ice, and processed the same day.
Campylobacter spp. isolation. Organs were processed for Campylobacter isolation, and presumptive Campylobacter colonies were identified as C. jejuni or C. coli by using PCR primers, as described by Wesley et al. (37) .
Carboxylic acid analysis. Gas chromatography of butyl esters was used to determine the concentration of organic acids (expressed in micromolar concentrations) for one randomly selected flock, as described by Cutler et al. (9) . Crop samples were analyzed pretransport (n ϭ 30) and posttransport (n ϭ 20). Cecal samples were evaluated pretransport (n ϭ 30) and posttransport (n ϭ 30).
Statistical analysis. Paired Student's t tests were used to compare the significant differences in the mean prevalence of Campylobacter spp., C. jejuni, and C. coli in turkeys slaughtered on-farm with those slaughtered at the commercial abattoir. A value of P Ͻ 0.05 was regarded as significant. The overall prevalence of Campylobacter spp., C. jejuni, and C. coli, which combined data for the six flocks, was compared for all organs. Differences between pre-and posttransport values for carboxylic acids were analyzed using appropriate equal or unequal variance Student's t tests, separately for both crop and ceca specimens. All analyses were done using SAS for PC Windows, version 9.1.3.
RESULTS
Times (means Ϯ standard deviations, expressed in hours) feeders are lifted prior to load out, to load at the farm (0.82 Ϯ 0.06 h), for transit to the slaughterhouse (2.61Ϯ 0.97 h), and for resting at the slaughterhouse (4.8 Ϯ 2.02 h) are summarized in Table 2 . The estimated time off-feed for the six flocks was 10.68 Ϯ 2.2 h.
No differences were noted in prevalence when individual flocks were compared for Campylobacter spp., C. jejuni, or C. coli pre-and posttransport. However, as summarized in Table 3 , when prevalence data for the six farms are combined, for turkeys slaughtered on-farm, Campylobacter spp. representing C. jejuni and C. coli combined were recovered from crop (3%), duodenum (74.7%), ileum (87.3%), ceca (64%), and colon (86.7%). Campylobacter spp. were not isolated from either the gallbladder or spleen. After feed withdrawal, transport, and holding at the abattoir, Campylobacter spp. were recovered from the crop (24%), duodenum (74.7%), ileum (92.7%), ceca (57%), and colon (80%). The Campylobacter spp. prevalence in the crops of birds slaughtered after transport (24%) was significantly higher (P Ͻ 0.05) than that for turkeys slaughtered on-farm (3%). Likewise, the Campylobacter spp. prevalence in gallbladder at the abattoir (14.7%) when compared to on-farm pretransport levels (0%) was significantly higher (P Ͻ 0.05). No such differences were noted for Campylobacter spp. isolated from the duodenum, ileum, ceca, colon, or spleen. When the prevalence of C. coli was combined for all six premises, marginally more C. coli were recovered from the crop posttransport (13.9%) when compared with pretransport levels (1.2%, P Ͻ 0.07). No differences were noted for C. coli in other organs.
When the prevalence of C. jejuni was combined for all six premises, significantly more C. jejuni were recovered from the gallbladder posttransport (11.3%) when compared with pretransport levels (0%, P Ͻ 0.05, Table 3 ). No differences were noted for C. jejuni in the other organs.
Carboxylic acids (means Ϯ standard errors of the means, expressed in micromolar concentrations) in the crop and ceca pre-and posttransport were evaluated for one flock. For the crop, as seen in Table 4 , the concentrations of total organic acids (31.31 Ϯ 2.25 M) and lactic acid in bird slaughtered on farm pretransport (24.84 Ϯ 1.61 M) were significantly higher (P Ͻ 0.05%) than those slaughtered posttransport (17.72 Ϯ 3.48 and 13.25 Ϯ 3.14 M, respectively). After time off-feed posttransport, a significant decrease (P Ͻ 0.05%) in acetic, isobutyric, caproic, and oxalic acids was noted; valeric acid concentrations increased posttransport (P Ͻ 0.05%). For the ceca, as seen in Table 5 , after time off-feed posttransport, a significant increase in formic, isobutyric, isovaleric, valeric, and oxalic acids was noted. Lactic acid concentrations in the ceca at both pre-(0.41 Ϯ 0.33 M) and posttransport (0.12 Ϯ 0.038 M) were lower than those in the crop of either the fed (24.84 Ϯ 1.61 M) or asted (13.25 Ϯ 3.14 M) birds.
DISCUSSION
The primary goal of this study was to compare the prevalence of Campylobacter spp. in viscera of normally fed, commercially reared market-weight turkeys killed onfarm with those of fasted cohorts after commercial live haul, resting, and slaughter at the abattoir. To minimize differences in farm management practices, we sampled birds from premises that belonged to members of a growers' cooperative and utilized the same live haul company for transport to the single abattoir.
In this study, the distribution of Campylobacter spp. along the intestinal tract was examined. When the six individual flocks were compared, there were no statistically significant differences in recovery rates of Campylobacter spp., C. jejuni, or C. coli pre-and posttransport. When combined data for the flocks are analyzed (all turkeys slaughtered on-farm versus all turkeys slaughtered at the abattoir), significantly more Campylobacter spp. were isolated after fasting from crop (3 versus 24%, P Ͻ 0.05%). This difference may reflect changes in organic acids in the empty crop as well as the decreased dilution with feed.
Campylobacter and Salmonella colonize the chicken crop (with prevalence elevated after fasting), which may be a potential source of carcass contamination at slaughter (4, 10, 24) . Consequently, lactic, propionic, and formic, and other organic acids incorporated into the drinking water have been evaluated for their ability to reduce foodborne pathogens in the crop or ceca of broilers and to mitigate subsequent carcass contamination with bacterial foodborne pathogens (1, 5, 6, 34) . Although comparison of broiler and turkey processing is beyond the scope of this report, overall turkey processing is more labor-intensive when compared with broiler processing. Specifically, whereas for turkeys, evisceration-including removal of the crop and ceca-is manually performed, it is fully automated during broiler processing.
Few reports have correlated the biochemical changes associated with fasting or diminished feed uptake in the turkey crop with susceptibility to foodborne bacterial pathogens (9, 14) . In contrast, in our studies with a single commercial turkey flock off-feed ca. 11 h prior to slaughter, the reduction for lactic acid most noticeably coincided with an increase in Campylobacter spp. in the crop. This concurs with the observed efficacy of lactic acid-supplemented drinking water as a pathogen-reduction intervention prior to slaughter (5) at levels exceeding its function as a significant electron donor in Campylobacter. Interestingly, our companion study evaluating these same birds, utilizing commercial transport and holding conditions, showed no change in Salmonella in the crop (25) . Feed intake naturally declines at night when birds enter the scotophase. The observed decline in lactic acid in commercial adult turkeys contrasts with the increase seen in week-old turkey poults at 8 h during the experimentally induced scotophase (9) .
When data for the six flocks are combined, the observed increase in Campylobacter spp. isolated from the gallbladder-liver of turkeys slaughtered after transport when compared with cohorts necropsied on the farm may reflect accumulation of bile during fasting and the subsequent enlargement of the gallbladder. Expression of virulence genes of Campylobacter is stimulated in vitro with the bile salt deoxycholate (17, 18) , which suggests that the gallbladder is a favorable habitat. Campylobacter is infrequently isolated from poultry gallbladder (3, 40) . In contrast, Campylobacter has been isolated from the bile of cattle and as such, presents a risk of contamination of beef liver (11, 26) . Campylobacter has been isolated from chicken but not turkey livers, and one outbreak in humans incriminated chicken liver pâté as the vehicle of transmission (26, 39) .
Our earlier study utilizing these same birds found no significant change in Salmonella in any of the viscera examined when individual flocks were compared pre-and posttransport. However, when data for the six premises were combined, significantly more Salmonella was isolated from the gallbladder and liver (25) . We speculated that this could be attributed to neuroendocrine changes associated with perimarketing events, since norepinephrine enhances the virulence and motility of Salmonella in cattle and pigs and increases the virulence of Campylobacter in vitro (2, 7) .
We hypothesized the presence of Campylobacter in the spleen would reflect bacteremia as a result of perimarketing stress. While blood collection is achievable on-farm, commercial line processing speeds preclude sampling at the abattoir. Thus, the spleen, the single largest lymphatic organ of turkeys, was selected for evaluation. However, Campylobacter spp. were not cultured from the spleens of adult turkeys at either sampling interval, suggesting no bacteremia associated with perimarketing events. No reports detailing the prevalence of Campylobacter in the spleens of adult turkeys are available for comparison.
In the northern hemisphere, C. jejuni is the major cause of bacterial human gastroenteritis. To illustrate, FoodNet sites identified laboratory-confirmed Campylobacter isolates as C. jejuni (95%), C. coli (4%), and C. lari (1%) (12) . However, C. coli is gaining recognition as a zoonotic foodborne pathogen, and in the United Kingdom, C. coli ranks fourth as a cause of bacterial foodborne illness (33) . Although regarded predominantly as an intestinal commensal of swine, C. coli is commonly isolated from turkeys (15, 21, 31, 37) . In addition, Siemer et al. (28) estimated that 9 to 21% of Campylobacter poultry and clinical isolates identified as C. jejuni were in fact C. coli, suggesting that the lower prevalence of C. coli may result from their misidentification.
In conclusion, we have shown that the overall prevalence of Campylobacter spp. increases in the crop and gallbladder of turkeys during the perimarketing interval, under commercial conditions. Whether the observed changes result from fluctuations in organic acids in the crop, a neuroendocrine surge or other factors is not known.
